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Objective 

The objective for this project was to develop an easy-to-use pavement 
methodology to evaluate existing structural conditions of pavements, 
with artifi cial neural networks (ANNs), that will use and interpret rou-
tinely collected nondestructive test data for rapid and accurate predic-
tions of pavement layer parameters.

Problem Statement

Current pavement layer backcalculation techniques are cumbersome 
and more effi cient and faster methods are now needed. The last decade 
has seen increased interest in a new class of computational intelligence 
systems, known as ANNs, for rapid and accurate predictions of layer pa-
rameters. Transportation departments are interested in the development 
of rapid models of backcalculating for pavement structural properties, 
including the use of ANNs.

Research Description

The backcalculation models proposed in this research were developed 
using a neural networks methodology. A suite of ANN-based models 
were selected for their adaptability and ease of use for backcalculation 
purposes. Type-specifi c models were developed for three broad pavement 
categories: fl exible (conventional and full-depth), rigid, and composite. 
For each pavement type, state-of-the-art pavement structural modeling 
concepts were combined with ANN methodology to produce a robust 
pavement evaluation tool.
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In this study, the pavement layer stiffness properties and 
critical pavement responses were predicted from falling 
weight defl ectometer (FWD) test results. For the three 
pavement types, over 300 models total were developed 
for varying input parameters. 

All developed and ANN-based pavement structural 
models were compared with the existing and commonly 
used commercial software packages in the market. The 
ANN models were then validated using actual fi eld data 
from selected sites in Iowa. The coeffi cient of determi-
nation value and average absolute errors AAE were also 
used to assess the quality of predictions.

Key Findings

The fi ndings of this research focus on the issues in-
volved with using ANN-based models for pavement 
layer analysis.

ANNs demonstrated a capability in successfully 
predicting the pavement layer moduli values using 
the FWD fi eld defl ection measurements. Field mod-
uli values were successfully predicted for the given 
defl ection basins and comparison of the ANN-based 
predictions showed the strength of the ANN-based 
backcalculation approach.

The ANN-based backcalculation models successful-
ly predicted pavement layer moduli values (except 
for the base/subbase layer in fl exible pavements) 
with an overall absolute average error value of less 
than 1.5 percent.

The adoption of an ANN-based approach resulted 
in a drastic reduction in computation time and a 
simplifi cation of the backcalculation approach from 
the viewpoint of a pavement designer/analyst. 

The rapid prediction ability of the ANN models, ca-
pable of analyzing 100,000 FWD defl ection profi les 
in less than a second, provide a tremendous advan-
tage to the pavement engineers by allowing them to 
nondestructively assess the condition of the trans-
portation infrastructure system in real time.

Elimination of the seed layer moduli selection step, 
combined with the integration of ANN-based direct 
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backcalculation approach, can be invaluable for the 
state and federal agencies for rapidly analyzing a 
large number of pavement defl ection basins needed 
for routine pavement evaluation for both project-
specifi c and network-level FWD testing.

Recommendations

Although advanced approaches to pavement layer back-
calculation have been developed in this study, the ac-
curacy of results will largely depend on the quality and 
integrity of FWD defl ection data collected in the fi eld. 

For this reason, future research efforts should focus on 
developing guidelines for the Iowa DOT that clearly 
defi ne the FWD testing requirements, data analysis ap-
proach, and reporting requirements.

Both the current research and past research studies have 
shown that to successfully backcalculate the pavement 
layer stiffness, or to predict the critical pavement re-
sponses (maximum stresses, strains and defl ections), ac-
curate layer thickness information is needed, especially 
at the FWD testing points. 

For this reason, future research efforts should focus on 
conducting sensitivity studies to determine the effect 
of pavement layer thickness on pavement performance 
data using the mechanistic-empirical based pavement 
design concepts. 
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